ESTIMATION OF A FISCAL POLICY RULE FOR EMU COUNTRIES (1984-2005)

Abstract
The primary objective of this paper is to estimate a fiscal policy rule for each of the EMU member States from 1984 to 2005 in order to know if there has been a systematic response of the cyclically adjusted primary balance to output gap and debt level variations. Also, we aim to discover whether the change in the fiscal framework which took place after 1992 has had a substantial impact on the fiscal policy applied. The principal novelty is that the estimation is performed simultaneously by means of a SURE (Seemingly Unrelated Regression Estimator) model. We are thus able to obtain different coefficients for each country, while developing possible correlations between national fiscal policies which would reveal the existence of common factors. The results provide clear evidence of a structural break in the rule after the introduction of the new fiscal regulations and, as the hypothesis of equality in the national coefficients of the rule is clearly rejected, reveal a need to consider specific national factors. The use of policy rules has spread in academic literature as a useful tool for analysing economic policy from both a positive and normative perspective
The best known example is the Taylor Rule   1 . The estimation of the Taylor Rule enables us to know if a central bank actively responds or not to changes in the inflation rate or income, and make comparisons between countries over time.
One paper of reference in the application of this method to fiscal policy in EMU countries is Galí and Perotti (2003) . Their primary objective was to analyse the changes occurred in European fiscal policy as a result of the introduction of new fiscal rules in 1992 (Maastricht Treaty, MT) and 1997 (Stability and Growth Pact, SGP). In particular, from our perspective, the most important results obtained from estimating the rule are that the new fiscal policy framework have reduced the previously procyclical nature of the discretionary policies applied by 1 Taylor (1993) . European governments, and that nonetheless, there has been no reduction in the application of corrective fiscal policies when public debt has increased.
Although a different rule is also estimated for each country separately, Galí and Perotti focus on common European trends, and obtain their main results from estimating a data panel in which the coefficients of the rule are the same for all EMU countries. Consequently, they are unable to appropriately distinguish the different fiscal policies applied by each European country.
This "common European factor", and in particular the introduction of new fiscal rules, has probably been of great importance for the development of the fiscal policies applied by the different governments. However, we cannot rule out the existence of "specific national factors" which have generated significant differences in the coefficients of the rule for each country. We have therefore simultaneously estimated all the national equations with a SURE 2 model, enabling us to use the information derived from both common and specific factors.
Indeed, the simultaneous estimation of all the equations makes use of the correlation between the errors terms of each national equation, including all factors with a common origin. But, at the same time, there is no initial constraint to the value of the national coefficients, which are not necessarily the same, enabling us to consider national differences. In fact, the results obtained clearly
show that such differences are significant. This paper is therefore supplementary to the work of Galí y Perotti, and its primary objective is to re-estimate the impact of the change in the European fiscal policy framework on the discretionary policies applied by European governments 2 Seemingly Unrelated Regression Estimator. while paying more attention to the differences between countries. In the second section, then, we define the fiscal policy rule to be estimated while, in the third, we justify the choice of method and approach some issues related to the data employed. The fourth section includes a brief summary of the coefficients estimation, together with the principal tests used to diagnose the model. Section five contains a more detailed interpretation of the results and the paper ends with our conclusions.
Identification of the fiscal policy rule:
In this section, we present the fiscal policy to be estimated, requiring us to define both the variable to be used to represent the authorities' decisions and the variables whose evolution in turn determined fiscal policy changes. For comparison purposes, these variables are as used by Galí and Perotti (2003) .
Variable representing fiscal policy:
The variable used in this paper to represent fiscal policy orientation is the cyclically adjusted primary balance (CAPB), the dependent variable of the regression. This variable represents the discretionary component of fiscal policy, that is, the part of the budgetary balance which directly depends on governmental decisions. In particular:
• We use the primary and not the total balance because the authorities have no short term impact on debt interest payments, since they depend on the evolution of the interest rate and accumulated debt. Furthermore, as Bohn (1998) shows, a condition sufficient to ensure the long-term sustainability of F o r P e e r R e v i e w 5 public finance is that the authorities increase the primary balance whenever the public debt-GDP ratio grows. One of our objectives is precisely to determine the degree to which the authorities take sufficient action to ensure this.
• We have also discounted the effects of the economic cycle from this primary balance, for two reasons. Firstly, the CAPB (or its increase) is the variable most often used in fiscal policy literature to measure the orientation (expansive or contractive) of discretionary fiscal policy, distinguishing it from the effect of automatic stabilisers which would be mixed into the total primary balance 3
. Secondly, as Galí and Perotti (2003) point out, given the more structural nature of the factors influencing the action of automatic stabilisers (for instance, the labour market or welfare state institutions of each country) are unlikely to have been significantly affected in the short tem by the Maastricht Treaty or the Stability and Growth Pact. Therefore, since another of our objectives is precisely to analyse the effect of introducing these rules into the behaviour of fiscal authorities, the CAPB appears to be a more appropriate variable.
Variables determining fiscal policy:
The variables used as regressors in this paper are the output gap, the debt-GDP ratio, a binary variable and the cyclically adjusted balance delayed one period:
• 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 With a more long-term perspective, another of the objectives at which countries should aim when making primary balance decisions is, as we have mentioned, to guarantee the long-term sustainability of public finance. This requires corrective measures when debt increases, and the second regressor variable is therefore the debt/GDP ratio (PD) at the end of the previous period.
This variable's coefficient should also be positive if the authorities systematically apply policies which are sustainable in the long term.
• A second criterion for the choice of variables included in the regression is derived from the fact that the framework in which fiscal policy is applied in the European Union has changed substantially since the nineties with the introduction of the rules established first in the Maastricht Treaty and, later, with the Stability and Growth Pact. This suggests the possibility of a structural break in the value of the parameters 6 so, to account for this possible effect, we have included a binary variable (AM 92it ) with zero value for the years before 1992 and a value of 1 from then on, accompanying both the output gap and public debt as the constant of the regression.
• Finally, we have included the value of the CAPB delayed one period, in so far as fiscal decisions are affected by a high level of inertia. Indeed, the results of the estimation show that this variable is significant in the fiscal policy of all EMU countries. As we mentioned earlier, CAPB is the cyclically adjusted primary balance, OG is the output gap, PD represents public debt, AM is the variable representing the effect of the introduction of new fiscal rules in the EU from 1992 on, and Table 1 shows the economic meaning of the coefficients. Sub-index i represents the ith country, whereas sub-index t represents the period to which the variables correspond.
Insert Table 1 here
Method of estimation and data used:
One of the main issues we have approached in this paper is the choice of a method of estimation meeting two important conditions.
In the first place, we are working with 11 countries which form part of a strongly integrated economic area, the fiscal policies of which have been conditioned by a highly significant institutional change, represented by the new Secondly, however, we are also interested in determining whether the systematic behaviour of the different national fiscal authorities -shown in the coefficients of the rule -reveals differences, and whether the effects of introducing the new fiscal framework have been homogeneous across EMU countries. This seems particularly important as, throughout the integration process, economic policy coordination did not include the centralisation of fiscal policies which, although subject to a multilateral supervision process, remain under the authority of the national governments. Furthermore, after the creation of the EMU, fiscal policy is now the only macroeconomic instrument available to these governments for stabilising their economies, so each country can be expected to adapt it to its own specific situation.
In other words, the method of estimation has to contemplate the interrelation between fiscal policies, while distinguishing different national behaviours.
Taking the work of Galí and Perotti (2003) and IMF (2004) as representative of recent literature concerning the estimation of fiscal policy rules in EMU countries, we see that they have used a similar modelling strategy. Each national equation is first estimated separately, subsequently estimating a panel with data from all the countries, permitting the existence of fixed national effects but taking the other coefficients between the fiscal rules of different countries as equal. Galí and Perotti (2003) justify this second step by referring to a problem of insufficient degrees of freedom in the estimation of each national equation . It is therefore not efficient to estimate the 11 fiscal policy equations separately for each country.
2. Furthermore, our model does not initially limit the behaviour of the different countries because they belong to the EMU, but tests the values of the coefficients to determine whether behaviour is homogeneous or varies among the different national authorities. In other words, it considers the possible importance of specific national factors (political, economic or institutional) 7 See Green (1999) , Chap. 15. 8 European Commission (2004) . 9 The data used in the study are annual and, due to their low frequency, there are unlikely to be important non-contemporaneous correlations. The cross correlation functions calculated from the GLS residuals of the different countries have confirmed this. 
That is, it is assumed that the covariance is independent from the moment in time considered [E (u it u´j t ) = M ij , for all t = 1,2, ..., T] and it is also admitted that E (u it u´j s ) = 0 for all t J s, t, s = 1, 2, ..., T.
With the above assumptions, the general covariance matrix of the shocks can be written using the Kronecker product:
, where is the contemporaneous variance-covariance matrix of the residuals. Matrix is not scalar and, therefore, if our assumptions are true, the usual ordinary least squares (OLS) estimator will not be efficient, since it ignores the information contained in the covariances between contemporaneous observations of different equations.
The efficient estimation, considering the covariance matrix between the error terms of different equations, can be performed by generalised least squares (GLS)
by means of the following expression:
And the covariance matrix of the estimation is given by:
Our analysis of the residuals of the estimated national equations has confirmed our assumptions about the covariance matrix and, therefore, the convenience of simultaneous estimation by GLS. (Table 2) . This tests the hypothesis that the elements outside the diagonal of the covariance matrix estimated from the OLS residuals are zero, that is, that there is no correlation between EMU countries. If the null hypothesis is rejected, as it is here, it is more efficient to estimate a SURE model by GLS, as the model is not restricted by a single parameter vector and the correlation matrix of the error terms is used in the estimation to gain efficiency.
Insert Table 2 here
Furthermore, the contemporaneous correlation matrix of the residuals estimated by GLS (Table 3) contains significant values, confirming the need to take these correlations into account when estimating the model. Table 3 here Finally, Graph 1 shows the autocorrelation functions of the residuals estimated by GLS. As we can see, the error term of each equation does not present autocorrelation, which is one of the other assumptions established concerning the covariance matrix of the error terms.
Insert
Insert Graph 1 here
13 Green (1999) , page. 571. The estimated period includes every year for which data is available for the 11 countries for which the fiscal policy rule has been estimated: from 1984 to
2005. This period is particularly interesting, because it includes enough years before and after the approval of the fiscal rules currently applicable in the EMU, enabling us to analyse a possible structural change.
One problem with our method of estimation is that, since the sample is relatively short, the number of observations is small in relation to the number of parameters to be estimated. To reduce this possible over-parameterisation problem, it may be a good idea to increase the data frequency or increase the period backwards in time. We have ruled out both these options, however, for the following reasons:
• In the first place, most of the tests we have used for diagnosing the model, analysing the fit of the estimation with the original series or testing the existence of a structural break, have rejected the null hypothesis considered. And, although the tests are not very powerful because of the short sample used, if the null hypothesis considered is rejected, as it is here, there will be very clear evidence in favour of this rejection. • Although there are some quarterly fiscal data interpolated from annual figures, they are not homogeneous and, furthermore, budgetary decisionmaking takes place on an annual basis. This, for instance, is the frequency with which the budgets of EMU countries are approved and compliance with the requirements of the Stability and Growth Pact is analysed.
• We would also prefer not to go much further back than the contemplated period, as the seventies are characterised by important supply shocks (rising oil prices) which conditioned the application of economic policy.
We would probably have to consider the special nature of the data pertaining to those years by including new parameters, which would certainly do nothing to improve the over-parameterisation problem observed with our model. Indeed, the empirical literature about the recent evolution of fiscal policy in the EMU compared with previous years usually focuses on the period starting in the eighties.
• There is also an important practical reason. We have used all the data provided by the OECD Economic Outlook as Galí and Perotti (2003) . The two options proposed could reduce our comparability and force us to use a different source. Table 4 shows the values of the estimated coefficients of the fiscal policy rule for each country and for the EMU overall, together with the t-statistic. Although we will later be analysing our results and their possible significance in more detail, we are now in a position to advance some results:
Estimated values of the coefficients and principal tests performed:
• Before 1992, the coefficients estimated for the output gap are 10% significant in 5 of the 11 countries; after 1992, they are significantly different from zero in 6 countries. It is clearly significant in both periods for the EMU overall.
• The only case in which the estimated coefficient is positive and significant both before and after 1992 is Finland,. In the rest, it is either negative or not significantly different from zero. This appears to indicate that, in the past, discretionary fiscal policy did not systematically play a stabilising role.
• The estimated debt coefficients are significant for 5 EMU countries before 1992 and for 3 afterwards. For the EMU overall, its mean value is very close to zero in both periods.
• Unlike the case of the output gap, when these coefficients are significant, they take on positive values, with the only exception of Belgium before Maastricht.
• Finally, the coefficient of the cyclically-adjusted primary balance lagged one period is clearly significant for all the countries, showing that budgetary decisions are affected by a certain degree of inertia. 
Insert
Evidence of structural change:
One of our primary objectives is to test whether the change occurred in the regulatory framework applicable to fiscal policy from 1992 on has altered the systematic behaviour of the fiscal authorities, both in their response to the output gap and in their reaction to changes in indebtedness, and whether this change has been heterogeneous in the different countries.
In order to verify whether there is a structural break in the data in 1992 and, therefore, whether the introduction of a binary variable 14 with which to represent the effects of the Maastricht Treaty was correct, we have performed a series of tests on our model, the results of which are shown in Table 5 .
Insert Table 5 here
The first row shows the result of the Chow test, which clearly detects a change in the value of the parameters from 1992 on, so we have estimated the model including a binary variable (AM92t) representing the effect of the change in the fiscal framework on the behaviour of each country's authorities.
14 With a value of one from 1992 on and zero beforehand. We have also compared the estimation resulting from this model with that derived from the same model without structural change, using Akaike and Schwarz information criteria. As the Table shows, this analysis confirms that, although there is an over-parameterisation problem, the model with structural break fits the data better than a model estimated by the same procedure but without contemplating such a break.
Thirdly, to measure the overall goodness of fit of the system, we present a , which 15 The McElroy R2 corresponds to the following expression (see Green (1999) , page 585): There is therefore very strong evidence of a structural change. The second part of Table 5 shows other tests performed to verify whether there are significant national differences in the effects of this structural change.
Row 5 presents the results of a test to rule out the effect derived from the application of new fiscal rules from 1992 on being the same for all EMU countries, that is, whether Therefore, this seems to confirm the two initial hypotheses described at the start of this paper: from 1992 on, coinciding with the change in European fiscal rules 16 , there is a change in the effects of both the output gap and debt on discretionary fiscal measures; furthermore, these effects are different for each EMU country. 16 The fact of this coincidence does not imply that the new rules are the only explanation for the different behaviour observed in the fiscal authorities. This institutional change probably encouraged more budgetary discipline in Europe, reducing the weight of the public sector, which has a broader territorial dimension. 
Diagnosis of the estimated model:
The evidence derived from the above statistical tests has led us to finally select a model with structural change in which each country's fiscal policy coefficients can be different, but which also considers the interrelation between each of the national equations (simultaneous estimation).
To diagnose our final estimation, we now analyse the existence of autocorrelation in the residuals, their normality and goodness of fit with the original series. As Table 6 shows, the p-values of the Ljung-Box and BreuschGodfrey tests only show slight evidence of autocorrelation for 1, 2 and 5 lags in some cases, whereas the Jarque Bera test confirms the normality of the residuals.
Finally, we have also calculated the values of the goodness of fit measurements which would have been obtained working individually with each regression and, as we can see, they are lower than that obtained with the global system, which is very high. There is high variability in the fit of each country although, except for Portugal, Holland and Austria, the R2 is relatively high.
Insert Table 6 here
Interpretation of the results:
Returning to the values of the estimated fiscal policy rule coefficients for each country and for the EMU as a whole, we can analyse the results of the estimation in more detail. We have centred our analysis on four principal issues:
(i) the stabilising role of discretionary fiscal policy, as given by the effect of the and (iv) the differences in the coefficients estimated for each country. Following are the results of the joint analysis of these four issues:
1. Before application of the Maastricht Treaty, most EMU countries were characterised by a procyclical discretionary fiscal policy, as can be seen in the negative sign of the S 1i parameter (Table 4 and Graph 2). The only exceptions are Finland and Ireland, whereas the countries in which the negative value of the coefficient is greatest are Greece, Germany, Italy, France and Holland.
Insert Graph 2 here
Indeed, the activity, deficit and debt data shows that in an initial phase, from 1984 to 1987, the output gap was negative and contractive discretionary fiscal policies were, nonetheless, applied (there was an increase in the adjusted primary balance in the period, as seen on Graph 3).
This behaviour can be justified by the difficult situation of public finances in early eighties, reducing the scope for using fiscal policy as a way of stabilising the economy.
On the other hand, from 1988 to 1991 the European economies experienced an expansive phase, which favoured reduction of the deficit during the period. But this reduction occurred as a result of the application Here again, however, there are two exceptions. In Belgium and
Ireland the change in this coefficient was in the other direction, with its negative value increasing in the former and a positive value becoming negative in the latter.
From 1994 to 1997, the euro-zone economies experienced, in average, a period of negative output gaps in which, nonetheless, restrictive discretionary fiscal measures were applied. This is probably justified by , with the sustainability of public finance objective given priority over stabilisation of the economy, and leaving the latter to the automatic stabilisers. Also, as occurred in the previous expansionary phase, the recovery of growth rates in the late 90's again gave rise to less strict discretionary fiscal policies.
But, finally, if we consider the deceleration period starting in 2001,
European countries have reduced the cyclically adjusted primary balance.
In other words, unlike the two restrictive phases considered so far (early eighties and early nineties), anti-cyclical policies were applied on this imposed by the fiscal rules. It is also true, however, that these expansionary policies were applied even though they meant that six countries failed to comply with the SGP in some of these years, leading to 17 The highest in the period analysed. 
Insert Graph 4 here
3.
In most countries, both before and after application of the Maastricht Treaty, public debt levels helped to generate positive adjusted primary balances. These coefficients are shown on Graph 5, and the only exceptions are Austria, Belgium and Holland (before 1992) and Germany after 1992.
On the other hand, it is important to note that the change towards a more anti-cyclical discretionary fiscal policy did not represent an important change in reaction to debt in most European countries. This result is consistent with that obtained by Galí and Perotti (2003) .
Insert Graph 5 here
4.
From the estimated rule, a test can also be applied to weight the long-term sustainability of public finance
18
. The sufficient condition to guarantee solvency is for the estimation of the parameter representing the effect of the debt-GDP ratio on the adjusted primary balance (S 3i before application of the Maastricht Treaty and S 3i + S 4i , afterwards) to be positive. As Table 3 and Graph 6 shows, this condition is met in most cases so that, except for
, the public finance of EMU countries is sustainable after application of the Maastricht Treaty.
18 See Bohn (1998) and Ballabriga and Martínez-Mongay (2005) . 19 However, since this is only a sufficient condition, we cannot confirm with this test that it is unsustainable in Belgium.
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Editorial Office, Dept of Economics, Warwick University, Coventry CV4 7AL, UK 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Finally, by introducing the cyclically adjusted primary balance delayed one period as one of the regressors of the fiscal policy rule, we have estimated a dynamic model. One of the most significant features of these models is that they 20 The SGP does not literally establish that discretionary measures cannot be applied to stabilise the economy, but it is implicit in its philosophy when it states that governments must maintain equilibrium or a superavit position in the medium term. This approach is defended, for example, in European Central Bank (2004) , and in relation to the relative role of discretionary measures and automatic stabilisers, Buti and Van der Noord (2004) say that: "While the potential usefulness of fiscal stabilisation is being re-considered, the "heritage" of the debate in the 1980s casts a strong scepticism over the use of discretionary fiscal action to fine tune the economy. (...) The use of discretionary fiscal policy for stabilising purposes should be confined only to exceptional situations". The short-term effects are given by the coefficients estimated in the model, which we have analysed in the above section. With regards to the long-term effects, they are obtained by considering that the impact of each explanatory variable on discretionary fiscal policy at time t is not only due to the contemporary value of the variable (at time t) but also to the effect of the evolution of the same variable in previous periods (t-1, t-2… ). This long-term effect can be identified in the response functions to the output gap and debt level, also considering the possible changes to the effects of the two variables from 1992 on. . The long-term effect is evidently greater, so we should consider that the response of the authorities is more active than initially assumed given the short-term expect, since the 8 5i parameter is always positive. Our conclusions concerning the procyclical or anticyclical nature of discretionary fiscal action, however, remain unaltered.
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Insert Table 7 here 21 These effects will be significantly different from zero whenever the coefficients are. Since the accumulated effect is S ji /(1-S 5i ), when the test is performed, the null hypothesis (the estimated coefficient is zero) will only be accepted when the same hypothesis, but considered with the numerator coefficient, is not rejected. We also analyse whether there was a change in this reaction after the Maastricht Treaty came into force in 1992.
In this respect, one of the most solid results obtained from the estimation is that there is clear evidence of a structural break after the introduction of a new fiscal framework. This change is seen in a reduction in the procyclical nature of previous fiscal policies, even though there was no significant reduction in the authorities' reactions to increased debt in the form of increases in the cyclically adjusted primary balance. On the other hand, this reaction appears to be sufficient to guarantee the long-term sustainability of public debt.
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